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Magnetic instability in both ultrapure and carbon-doped Mg#ims is investigated by
magneto-optical imaging, transport, and bulk magnetization measurements. In the carbon-doped
MgB, thin films, familiar dendritic flux-jump patterns were observed at low temperature as reported
in previous experiments. In the ultrapure MgBhin film, however, a remarkably stable flux
penetration was observed, clearly showing the classic behavior of the critical state model. Such
different behavior indicates that the electron scattering ultimately controls the magnetic stability of
the MgB, films. © 2004 American Institute of PhysidOI: 10.1063/1.1827931

Potential application of superconducting MgiB power  dendritic flux jumps in MgB films. Experiments focused on
transmission cables, magnets, motors must take the magnetigh quality MgB, thin films made by hybrid physical-
stability of the conductor into account. A critical issue is chemical vapor depositiotHPCVD).2 It has been shown
stability against possible flux jumps. This is an avalancheyreviously that the HPCVD process is very successful in
process where flux motion dissipates heat and leads to a locgtoducing ultrapure MgBfilms with very low resistivity and
temperature rise which reduces local pinning and facilitateglean-limit behavior(“ultra-pure”), being much cleaner than
further flux motion* Unprotected flux jumps can sometimes even pure films made by PLD or other rodtén addition,
result in a thermal runaway and destroy superconductingims with a broad range of “dirty-limit properties” could
equipment. Strong flux instabilities in thin films and bulk 5150 pe obtained through carbon doping via HPCVD
MgB, at low temperatures have been repofteédUsing process? Magnetic behaviors of these films were studied by
magneto-optical imagingMOl) techniques, Johanset al. 3 compination of MOI, transport, and bulk magnetization

revealed that be'OW. 10 K the pene_tration of magnetic flux ino e asurements. These results were then compared to our ear-
pulsed-laser-depositg®LD) MgB, films was dominated by lier assessments of pure Mgiiims made by PLD. Our

dendritic structures abruptly formed in response to an aP5tudies showed that dendritic flux jumps can be completel
plied field® Though dendritic magnetic instability is believed >\ . > X JUmp mp etely
to be of thermomagnetic origin, the phenomenon is Sti”ehmmated by ke_epl-ngon sufficiently low, such as in the

, ultrapure MgB thin films made by HPCVD.

oorly understood. Recently, Johansenal® and Aranson ]
P }' i Two types of MgB film (ultrapure and C-dopédvere

et al." numerically simulated dendritic flux jump in type I L2 \ o
superconductors based on the thermal feedback mechanis8{OWN onc-cut SiC single crystalline substrates using the

However, these simulations are unable to relate the occufitt HPCVD process described preV|qu§I§[he ultrapure

rence of flux jump quantitatively to the parameters specific tdilms are clean anepitaxialwith the c-axis perpendicular to

a particular superconductor, such as its critical temperatur€ surface, while the C-doped films are uniaxially oriented

T., upper critical fieldH.,, normal state resistivity,, and with the c-axis perpendicular to the surface, similar to most

critical current densityl,, etc. Furthermore, the central issue of the PLD films reported so far. Films sizec® mn? of

of what controls the magnetic stability, particularly in MgB  ultrapure MgB (330 nm thick and 0.12 formula carbon

remains unsolved. doped MgB (200 nm thick were selected for MOI study,
The goal of the present work is to explore suppression ofire 41.2 and 38.4 K for the ultrapure and the C-doped

the magnetic instability in MgBby varying materials prop- samples, respectively. Flux motion in these MdBin films

erties, and to determine the key factor responsible for thevas directly recorded using the high resolution MOI station

described elsewhefeBulk magnetization was measured on

dAuthor to whom correspondence should be addressed; electronic maiPheSameﬁl.ms ina ngntum DeSig_n MPMS SQUID magne-
giangli@bnl.gov tometer with the applied fielti, L film surface.
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FIG. 2. Initial magnetization of the C-doped and ultrapure MéBns. The
inset is an expanded view of the magnetization curve for the C-doped film at
5 K, showing pronounced noise due to flux jumps. A regular magnetization
behavior was observed for the ultrapure MdlBm at all temperatures from

1.8 K to T, as well as for the C-doped film &= 10 K.

FIG. 1. Magneto-optical images showing flux penetration patterns in the
zero-field-cooled C-doped and ultrapure MgBms (5x5 mn?) at 42 K:  fimg, we analyze various parameters relevant to the thermo-

(a) dendritic flux penetration into the C-doped film agH,=8 mT; (b) S . . -
remanent state of the C-doped film showing the exit of the dendritic quxmagnetlc mStablllty' We first examlnbﬁ(-r)' In general’ the

after uoH, reduced from 0.1 T to zerar) stable and gradual flux penetra- higher the value ofl; is, the steeper the slope of the flux
tion into the ultrapure film afoH,=20 mT. Note: afuoH,<10 mT, nearly ~ gradient in the critical state is, and hence the higher is the
perfect shieldingino flux entry was observed(d) remanent state of the tendency for a breakdown of a critical state with respect to
ultrapure film showing regular roof-top flux trapping pattern aftei, hot spot formation. In addition highéd\] /dT| gives faster
reduced from 0.1 T to zero. . L - ¢
propagation of this breakdown. Figure 3 shows Theéepen-
dence of]. obtained for the C-doped and the ultrapure films

Figure 1 shows the MO images. Striking differences infrom both translqort measurements of similarly processed
the flux penetration patterns are immediately apparent beilms in self field,” and magnetization measurements in rem-
tween C-doped(a) and (b)] and ultrapure MgB films [(cy ~ hant field of the actual films viewed by MQthe standard
and(d)]. These images were taken at 4.2 K during the initialB€an model is applied to magnetic hystergsighe large
magnetization(a) and (c) after zero-field cooling and in the €rror bar inJ; for the C-doped film at 4.2 K is due to slight
remanent stateg) and(d). Figure Xa) shows vigorous den- differences in C-concentration among the films. In fact, the

dritic flux penetration into the C-doped film at external field Ultrapure film has highed; and|dJ./dT] than the C-doped

uoH,=8 mT. The dendrites nucleate randomly near the filmfilm. This rules out the possibility thal; is responsible for

edge and propagate into the films immediately. Figui® 1 the absence of dendritic flux jumps in the ultrapure MgB
shows the remanent state of the C-doped film afigt, was  [IMS: . L .

reduced from 0.1 T to zero, where the dark dendrites show Next, we examine the condlthns required for local flux
the sudden exit of flux. In general, the behavior of the denltMPS, Wh'ch de_pe”(?' on the rat|13207f the fI.ux (t"‘? and
dritic flux motion in these C-doped films is essentially the thermal(ty) diffusion time constants™ The dimensionless

same as that observed previously in pure MdBns made Parameterr is given by 7=t,/t;=Di/Dpn=puox/Cps, where
by PLD3® Similarly, at T>10 K, MOI did not reveal any the magnetic diffusivityD,=p;/ uo, thermal diffusivity D,

flux jumps in the C-doped films. In a striking contrast, den-=*/C: #o IS the permeability of vacuum; and C, andp;
dritic flux jumps are completely absent in the uItrapureare the superconductor’s thermal conductivity, heat capacity,

MgB, films. Instead, a regular and gradual flux penetratio nd f.lt_JX flow resistivity, respectively. Undgr local gdiqbatic
was observed, as shown in Figcltaken atuH,=20 mT conditions, wherer<1(t,<t;), the magnetic flux diffusion

and in Fig. 1d) taken afteruoH, was reduced from 0.1 T to is consid_erably fa;ter than that of heat, and there is not
zero, being consistent with the prediction of the critical statefM0Ugh time to redistribute and remove the heat released due
model. The MO images of Figs(d and ¥d) are not indica- to flux motion. Un@er these_condltlong, dendr|t'|c flux jumps
tive of completely homogenous flux penetration, as can p@ccur. Such conditions applied to earlier experiments on thin
seen in some other superconducting systems.

The magnetic behavior of the C-doped and the ultrapure 15

MgB, films was further explored by bulk magnetization - __g__mg:;#;i))
measurements. Figure 2 shows that the initial magnetization e 121 —e— C-doped MgB, (Mag)
of the C-doped film contains small flux jumps, as indicated L 9l —8— C-doped MgB, (Tran.)
by pronounced noise illustrated in the inset to Fig. 2. Such wg {

behavior was observed at 1.8KT'=<9.5 K for yugH, up to = 6

0.15 T. AtT=10 K, both initial and full hysteresis measure- =< 3l

ments gave smooth magnetization curves for the C-doped

film. In contrast, smooth magnetization curves were always 0

observed at all temperatures, as low as 1.8 K, for the ultra- 0 5 10 15 20 25 30 35 40

pure film. These observations are in excellent agreement T (K)

with those ﬂux_ profiles found in the MOI S_tUdles abovej FIG. 3. Temperature dependencelpfor the C-doped and ultrapure MgB
To determine the key factors responsible for the disapfims determined by the transportTran) and magnetization(Mag.)

pearance of the dendritic flux jumps in the ultrapure MgB methods.
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10? In summary, we report the absence of dendritic flux
. jumps in the ultrapure Mggfilms at temperatures as low as
~ 10" 1 1.8 K. Similar dendritic flux jump behavior observed in
_E 10° ] C-doped. MgB films and .earlier pure MgBfilms made by
c o C-doped MgBs (HPCVD) PLD is I|ker' due to their comparable .values. _of f_qu flow
2 10" 2 resistivity. It is shown that the magnetic stability in MgB
a —MoB, (D) films is closely related to their normal state resistivity. The
107 —o—MgB; (HPCVD) onset of dendritic instabilities in dirty-limit MgBfilms per-
0 50 100 150 200 250 300 haps manifests another unique feature of electron scattering
T (K) in the two-band superconductors.
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